Introduction
The bone marrow trephine biopsy specimen holds an unusual position among pathological specimens. Having been obtained in most cases by a haematologist, the biopsy specimen is processed in a histopathology laboratory and is then reported either by a haematologist or a histopathologist, depending on local custom. Individual practitioners may acquire great skill in the interpretation of trephine biopsy specimens, but others in both branches of pathology are sometimes perplexed when faced with tissue appearances for which other experience within their individual disciplines may not have prepared them fully. Ideally, interpretation should be a collaborative procedure, combining the clinical and cytological knowledge of the haematologist with the histopathologist's skills in analysis of normal and abnormal tissue structure.
An important starting point for all concerned is to have a good appreciation of the normal appearances of haemopoiesis as represented in a trephine biopsy specimen, against which abnormal changes can then be assessed. The purpose of this article is to describe these normal appearances and to indicate briefly some uses and limitations of various processing and staining techniques in bone marrow biopsy specimen interpretation. seen. This radial orientation of granulopoiesis can be appreciated easily in reactive granulocytic hyperplasia or chronic granulocytic leukaemia but is not always obvious in normal marrow, in which the zone of promyelocytes and myelocytes may only be one or two cells thick. In undecalcified resin-embedded biopsy specimens the immature granulopoietic zone can be highlighted by Leder's stain for chloroacetate esterase,'0 which tends to react more strongly with promyelocytes and myelocytes than with later granulocytes. Unfortunately, this visually impressive staining technique cannot be performed successfully with biopsy specimens decalcified by formic or acetic acids, as the enzyme activity is lost. However, a very similar demonstration of the distribution of early granulocytes can be achieved in decalcified, wax-embedded biopsy specimens by immunohistochemical staining for neutrophil elastase" (fig 1) .
In general, using routine stains, little granularity can be appreciated in granulocytes of trephine biopsy specimens which have undergone acid decalcification, with the exception of eosinophils, whose granules are well preserved.
Occasional promyeloctes and myelocytes, scattered singly or in small clusters, occur at sites distant from trabeculae and vessels, and it is therefore not necessarily abnormal to see immature granulocytes in the centres of intertrabecular spaces.
MONOPOIESIS
The close association of granulopoiesis and monopoiesis in bone marrow culture systems in vitro'2 suggests that within intact marrow monocyte precursors should be found in a similar distribution to that of granulocytes. Monocytes, however, are difficult to recognise in trephine biopsy sections and little is known about the spatial organisation of their developing precursors. No staining technique is currently widely available for reliable and specific demonstration of monocytes in fixed trephine biopsy specimens. Butyrate esterase enzyme activity does not survive routine processing, although it may be preserved by some resinembedding protocols. (fig 4) . However, electron microscopic studies have shown that peripheral cytoplasm of megakaryocytes protrudes into sinusoidal lumina and is shed into the intravascular compartment in the form of pro-platelets which subsequently fragment to give rise to platelets.9 18 The precursors of megakaryocytes cannot always be readily identified within normal bone marrow trephine sections. Occasional, small, mononuclear forms can be found (fig 4; inset A), but their ontogenic relation to mature megakaryocytes is not known. The difficulty of recognising early megakaryocyte precursors exists because such cells are smaller than their progeny and may resemble promyelocytes morphologically. Giemsa staining can show cells in trephine biopsy sections which are probably megakaryocyte precursors: they have grainy lilac-pink cytoplasm resembling that of their mature counterparts. Some of the subtle variation in cytoplasmic coloration between haemopoietic cell lineages afforded by Giemsa staining is absent from decalcified biopsy specimens, and an alternative approach is to perform immunohistochemical staining for factor 8 related antigen or CD6 1 (platelet glycoprotein 3a)." Low numbers of small, mononuclear cells, presumed to be megakaryocyte precursors, are present which (A) 647 group.bmj.com on November 7, 2017 -Published by http://jcp.bmj.com/ Downloaded from express these antigens. Such cells are apparently randomly distributed throughout intertrabecular spaces.
Also normally present in small numbers are scattered megakaryocyte nuclei with a convoluted outline and condensed chromatin pattern, apparently bare of cytoplasm (fig 4: inset B). These are considered to represent senescent megakaryocytes.
OTHER CELLS REGULARLY PRESENT IN NORMAL BONE MARROW

Lymphocytes
The distribution and morphology of lymphocytes within bone marrow biopsy specimens offer no clues as to whether these cells are undergoing some part of their development there or are simply in transit through the tissue.
Small lymphocytes of B and T phenotypes are present in low to moderate numbers scattered throughout the intertrabecular spaces. Clusters of a few lymphocytes, normally termed lymphoid aggregates, and larger collections termed lymphoid nodules are also frequently seen. The larger lymphoid nodules may incorporate a few macrophages and small vascular channels and they occasionally form true follicles with germinal centres. Lymphoid aggregates and nodules only rarely lie immediately adjacent to trabeculae; collections of lymphoid cells at such sites should raise a strong suspicion of lymphomatous infiltration. Criteria for distinguishing benign from malignant lymphoid infiltrates within bone marrow biopsy specimens have been described in detail by Rywlin and colleagues. 9 However, even morphologically benign aggregates may be associated with subsequent lymphoid malignancy, " and they should always be assessed cautiously.
Plasma cells These cells are usually present in small numbers, clustered at the adventitial margins of small blood vessels. They are also found scattered singly elsewhere in the intertrabecular spaces.
Mast cells
The relation between mast cells and basophil granulocytes remains uncertain. It is believed currently that both cell types arise by independent pathways from a common partially committed basophil stem cell.9 Metachromatic and immunohistochemical staining of mast. cells in trephine biopsy specimens shows no spatial relation between developing basophils and mast cells, nor are cells found which exhibit transitional morphological, tinctorial, or immunohistochemical appearances."
Mast cells can be detected in about 50% of trephine biopsy specimens by metachromatic staining. Their number is generally small in normal marrow and they tend to lie immediately adjacent to the endosteal surfaces and at the adventitial borders of blood vessels. They are also frequently found at the periphery of lymphoid nodules.821 Morphologically, they are usually either spindle-shaped or oval with homogeneous pink cytoplasm on haematoxy and eosin staining and a small, dense rou nucleus. They stain metachromatically w Giemsa, but are difficult to discern amc large numbers of developing granulocyt Other metachromatic stains, such as toluid blue or buffered thionine, are more useful their demonstration. Immunostaining can performed using the antibody AAI, react with mast cell tryptase,-which does not crc react with basophils.
Conclusion
A great variety of cells, haemopoietic and n( haemopoietic, are present within normal bc marrow. In keeping with the highly speciali, functions of the tissue, there is a complex I orderly spatial organisation of cells within Although we do not yet fully understand relations between bone marrow structure a function, knowledge in this sphere is advanc as in vitro culture systems provide insights ii the roles of cell-cell and cell-stroma int actions in haemopoiesis. Careful histologi analysis of intact bone marrow biopsy spc mens will also contribute to this increase knowledge of normal haemopoiesis.
For haematologists, histopathologists a any other practitioners engaged in the di nosis of bone marrow disorders, I hope that foregoing account will be of practical use clarify current concepts of normal haen poietic cell organisation and to set a threshi against which abnormal haemopoiesis can assessed.
